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Introduction 
 
Circadian rhythm of increased oxidative stress 
and deficiency of antioxidant vitamins is known to 
occur in the morning at 6.00 hours to 12.00 hours [1]. 
Apart from antioxidant and vitamin deficiency, there 
is also deficiency of catalase, super-oxide-dismutase 
(SDO) and glutathione peroxidase (GPO) due to 
increased requirement of antioxidant enzymes in the 
morning. Methylglyoxal (MGO) is a non-enzymatic 
metabolite in the glycolytic pathway and its 
concentration in blood and tissues is elevated in all 
the cardio-metabolic diseases, including obesity and 
diabetes mellitus (DM) [1, 2]. MGO is a reactive 
carbonyl species (RCS) and in turn it induces tissue 
injuries via reactive oxygen species (ROS), resulting 
in increased damage of target tissues, which may 
worsen in the morning. MGO also plays an important 
pathological role in the development of both 
cardiovascular diseases (CVDs) and diabetes via 
the AGEs exert irreversible effects on protein 
structure and function. As such, it is crucial to 
understand the underlying mechanism whereby MGO 
is inducing tissue damage. This mini-review aims  
to highlight the role of circadian dysfunction in  




Review and Results 
 
There is a circadian rhythm of increased oxidative 
stress in the morning, due to enormous increased in 
cortisol and glucocorticoids, testosterone and thyroxin 
with decline in parasympathetic activity and anti-
oxidant vitamins [1]. The circadian rhythm of MGO is 
not known but it is possible that MGO also increases 
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in an attempt to reset the circadian clock function 
(Figure 1). 
In an experimental study, the harmful actions of 
MGO were assessed. Human aortic endothelial cells 
were examined for increases in intracellular ROS, 
which were measured with fluorescent indicator, 5-
(and-6)-chloromethyl-2',7'-dichlorodihydrofluorescein 
diacetate acetyl ester (DCFH-DA). The addition of 
MGO rapidly increased the ROS in a dose-dependent 
manner [2]. The increment of DCF was entirely 
abolished by pre-treatment with superoxide anion 
scavenger and membrane-permeable catalase, indic-
ating that MGO induces superoxide production.  
The increment was completely inhibited by 2-
thenoyltrifluoroacetone or carbonyl cyanide 3-
chlorophenylhydrazone and partially inhibited by N-
methyl-L-arginine. These data suggest that MGO 
stimulates superoxide production from mitochondria 
and partially stimulates nitric oxide synthase (NOS) in 
human endothelial cells. In a healthy condition,  
MGO is a metabolite of glucose and it is produced  
at physiological level to maintain the normal 
homeostasis of the body. However, in conditions of 
elevated glucose as in DM, the level of MGO is 
elevated to pharmacological concentration when it 
can induced adverse effects in the body. Our previous 
study demonstrated an elevated MGO level with an 
increased oxidative stress in vascular smooth muscle 
cells (VSMCs) from spontaneously hypertensive rats 
[3], Figure 2. 
 
 
Figure 1. Increase in oxidative stress in the morning. (https://veteriankey.com/oxidative-stress-and-its-role-in-the-synchron 
ization-of-circadian-rhythms-in-crustaceans-an-ecological-perspective/). 
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Figure 2. Oxidative stress with reference to methyl glyoxal 
(modified from [7]). 
Whether MGO causes the generation of nitric 
oxide (NO) and superoxide anion (O2*-), leading to 
peroxynitrite (ONOO-) formation in VSMCs, was 
investigated in the present study [4, 5]. Cultured rat 
thoracic aortic SMCs (A-10) were treated with MGO 
or other different agents. Oxidized DCF, reflecting 
H2O2 and ONOO- production, was significantly 
increased in a concentration- and time-dependent 
manner after the treatment of SMCs with MGO  
(3-300 micro-M) for 45 min-18 h (n = 12). MG-
increased oxidized DCF was effectively blocked by 
reduced glutathione or N-acetyl-l-cysteine, as well as 
L-NAME (p < 0.05; n = 12). Both O2*- scavenger 
SOD and NAD-(P)H oxidase inhibitor DPI 
significantly (p < 0.05) decreased MGO-induced 
oxidized DCF formation. MG significantly and 
concentration-dependently increased NO and O2*- 
generation in A-10 cells, which was significantly 
inhibited by L-NAME and SOD or DPI, respectively.  
It is concluded that MGO can induce significant 
(p < 0.05) generation of NO and O2*- in rat VSMCs, 
which in turn causes ONOO- formation [4, 5]. An 
elevated MGO level and the consequential ROS/RNS 
generation would alter cellular signaling pathways, 
contributing to the development of different insulin 
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